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To  His  Excellency, 

THE  HONORABLE  WILLIAM  LEE  KNOUS, 
Governor  of  Colorado. 

Sir :  In  compliance  with  Chapter  110,  Section  285  of  the  Colo- 
rado Statutes  Annotated  1935,  I  have  the  honor  to  transmit  here- 
with the  Annual  Report  of  the  State  Bureau  of  Mines  for  the  year 
1946. 

Respectfully  submitted, 

FRED  JONES, 

Commissioner  of  Mines. 

State  Capitol, 
Denver,  Colorado, 
Aug.  20,  1947. 
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PERSONNEL  OF  THE  BUREAU  OF  MINES  OF  THE  STATE 

OF  COLORADO 

FRED  JONES,  Commissioner  of  Mines Denver 

GEORGE  BECKER,  Inspector,  District  Xo.  1 Denver 

FRED  E.  THEOBALD,  Inspector,  District  No.  2 Canon  City 

R.  J.  MURRAY,  Inspector,  District  No.  3 Salida 

D.  C.  McNAUGHTON,  Inspector,  District  No.  4 Silverton 

ETHEL  F.  MCCARTHY,  Chief  Clerk Denver 

MARGARET  F.  SMITH,  Stenographer  and  Clerk Denver 

MARY  A.  PIPER,  Stenographer Denver 


DISTRICTS  OF  INSPECTION 


DISTRICT  NO.  1— Adams,  Arapahoe,  Boulder,  Clear  Creek.  Den- 
ver, Gilpin,  Grand,  Jackson,  Jefferson,  Larimer,  Logan,  Mof- 
fat, Morgan,  Phillips,  Routt,  Sedgwick,  Summit,  Washington, 
Weld  and  Yuma  counties. 

DISTRICT  NO.  2 — Baca,  Bent,  Cheyenne,  Crowley,  Custer,  Doug- 
las, Elbert.  El  Paso,  Fremont,  Huerfano,  Kiowa,  Kit  Carson, 
Las  Animas,  Lincoln,  Otero,  Park,  Prowers,  Pueblo  and  Teller 
counties. 

DISTRICT  NO.  3— Alamosa,  Chaffee,  Conejos,  Costilla,  Eagle, 
Garfield,  Lake,  Mineral,  Pitkin,  Rio  Blanco  and  Rio  Grande 
counties,  and  that  portion  of  Saguache  county  lying  south  and 
east  of  the  main  Continental  Divide,  and  the  extreme  north- 
west part  of  Gunnison  county.  Lying  north  of  the  39th  degree 
of  latitude. 

DISTRICT  NO.  4— Archuleta,  Delta,  Dolores,  Hinsdale.  La  Plata, 
Mesa,  Montezuma,  Montrose,  Ouray,  San  Juan  and  San 
Miguel  counties  and  all  of  Gunnison  county  except  the  ex- 
treme northwest  corner  lying  north  of  the  30th  degree  of 
latitude,  also  that  part  of  Saguache  county  lying  north  and 
west  of  the  main  Continental  Divide. 


COLORADO  STATE  BUREAU  OF  MINES 

OFFICES  AND  MINERAL  COLLECTION 

Entire  Second  Floor 

MUSEUM  BUILDING 

14th  Avenue  and  Sherman  Street 

Denver  (2).  Colorado 

The  mineral  collection  of  the  State  Bureau  of  Mines  originated 
through  the  efforts  of  the  various  Exposition  Commissions.  Mate- 
rial was  assembled  by  them  to  illustrate  the  mineral  resources  of 
Colorado  and  ultimately  these  collections  were  turned  over  to  the 
Bureau  of  Mines. 

The  purchase  of  the  Eisner  collection  added  further  to  the 
exhibit.  For  the  last  twenty  years  the  mineral  exhibit  has  been 
dependent  upon  gifts  from  mining  men  and  people  interested  in 
the  mining  industry.  At  the  present  time  the  number  of  specimens 
totals  over  11,000.  * 

On  the  walls  and  over  the  cases  are  photographs  and  paintings 
of  many  mining  towns  and  important  mines  of  Colorado. 

A  complete  catalogue  of  the  specimens  has  been  prepared  as 
to  species,  donors,  counties,  mines  and  localities.  In  some  cases 
analyses  and  assays,  values  per  ton  and  statistical  data  are  given. 

The  collection  has  a  great  deal  of  educational  value.  Classes 
from  various  schools  in  Denver  and  throughout  the  state  visit  the 
Museum  yearly  or  oftener  and  many  of  the  children  show  intense 
interest.  Various  club  groups  also  study  the  minerals.  Boys  and 
girls,  as  well  as  some  adults,  start  their  collections  from  small 
duplicate  specimens  given  them  in  the  Museum. 

As  an  advertising  feature  the  Museum  is  important  since  over 
100,000  people  look  over  the  exhibit  yearly.  These  visitors  come 
from  every  state  in  the  Union  and  most  of  them  are  surprised  at 
the  number  of  ores  and  minerals  that  can  be  produced  from  Colo- 
rado mines  and  quarries.  The  collection  is  a  great  attraction  and 
constantly  growing  in  popularity. 

Appreciation  of  the  value  of  the  collection  is  increasing  among 
mining  and  scientific  men.  The  Bureau  of  Mines  has  often  been 
called  upon  to  supply  definite  information  concerning  types  of  ore 
from  certain  mines.  Since  the  new  exhibits  of  present  day  opera- 
tions have  been  added,  many  mining  men  have  visited  the  Museum. 
The  commercial  ores  on  exhibition  from  every  section  of  the  state 
afford  a  good  idea  of  the  character  of  the  ores  found  in  Colorado. 
Prospectors  have  brought  in  material  for  comparison  and  we  find 
that  they  are  particularly  interested  in  the  county  cases.  There  are 
34  such  cases  which  contain  ores,  minerals  and  rocks  from  various 
Colorado  mining  counties. 
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A  number  of  rare  minerals  have  been  presented  for  purchase, 
but  we  are  not  in  a  position  financially  to  buy  these.  A  few  hun- 
dred dollars  would  enable  us  to  make  purchases  of  specimens  which 
now  go  to  some  other  state. 

The  exhibit  occupies  three  large  rooms  on  the  second  floor 
of  the  Museum  building.  The  middle  room  contains  cases  showing 
gold,  silver,  lead,  copper,  zinc  and  iron  ores  and  also  fluorspar  and 
agates.  During  the  past  year  cases  of  molybdenum  and  carnotite 
have  been  added.  The  Climax  Molybdenum  Company  is  the  largest 
producer  of  molybdenum  in  the  world.  The  carnotite  cases  contain 
high  grade  samples  of  carnotite  and  pitchblende  ores. 

A  replica  of  the  Pueblo  Mineral  Palace  is  shown  in  a  special 
case.  It  contains  small  pieces  of  gold,  silver,  lead,  copper  and  zinc, 
and  various  Colorado  gems.  The  base  and  roof  are  native  silver. 
It  is  of  intricate  design  and  we  understand  it  took  over  two  years 
to  complete  the  model.  It  was  presented  to  the  Museum  by  the 
Women's  Club  of  Pueblo  and  was  displayed  at  the  World's  Fair  in 
Chicago  in  1893.  Metals  and  minerals  were  donated  by  gold  and 
silver  mines  of  the  state  and  the  smelting  companies  of  Pueblo.  It 
was  designed  and  made  by  Charles  Otero,  Pueblo. 

A  cast  of  a  silver  nugget  found  in  the  Mollie  Gibson  mine  at 
Aspen,  Colorado,  attracts  a  good  deal  of  attention.  The  nugget 
weighed  387  pounds  and  coined  $6,630.00. 

The  east  room  contains  a  number  of  cases  of  non-metallics 
and  rock  making  minerals.  There  are  a  great  many  requests  for 
non-metallics  at  the  present  time  and  these  cases  are  being  con- 
sulted constantly.  Interest  in  oil  shale  is  increasing.  We  have  on 
display  samples  of  this  material  from  the  government  oil  shale  plant 
in  Garfield  County,  near  Rifle,  which  will  assay  one  barrel  I  4'J  gal- 
lons) of  oil  per  ton.  An  excellent  collection  of  104  minerals  was 
donated  by  the  Florence  II.  Hotchkiss  Estate  of  Delia.  Colorado. 
through  the  efforts  of  Harry  W.  Gueno  of  Delta.  This  case  has 
been  greatly  admired  by  many  visitors  to  the  Museum. 

The  west  room  is  in  the  process  of  renovation.  Xew  dust-proof 
cases  are  being  installed  with  sliding  plate  glass  tops  to  hold  the 
Colorado  Scientific  Society  collection  consisting  of  777  specimens. 
This  collection  was  donated  to  the  State  Bureau  of  Mines  during 
1946  and  is  to  be  designated  as  the  ''Colorado  Scientific  Society 
Collection."  A  number  of  rare  Colorado  and  other  minerals  are 
in  these  cases.  This  room  also  contains  cases  of  tungsten,  manga- 
nese, nickel,  mercury  and  t in  ores. 

In  addition  to  the  cases  there  are  several  drawers  of  igneous, 
sedimentary   and    metamorphic   rocks   which    may   be  studied    for 

pii  rposeS  of  conipa  rison. 

A   great  deal  of  attention   has  been  given  to  the  Museum  during 

tic  hist  font-  years.  Approximately  2,000  specimens  have  been  added 
exclusive  of  the  Colorado  Scientific  Society  specimens.  The  number 
of  cases  has  been  increased  by  twelve. 
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A  new  fluorescent  display  has  been  added,  which  has  proved 
a  great  attraction  to  the  public. 

The  Commissioner  of  Mines  and  the  inspectors  during  their 
visits  to  the  operating  metal  mines,  quarries,  mills  and  smelters, 
often  secure  samples  of  ores  and  minerals  which  are  placed  in  the 
collection  for  display. 

For  the  Museum  to  remain  up  to  date,  constant  additions  must 
be  made  and  we  would  appreciate  receiving  ores  from  mines,  pros- 
pects and  new  developments.  Gift  certificates  signed  by  the  Gov- 
ernor and  the  Commissioner  of  Mines  are  sent  out  to  donors  of 
specimens.  We  ask  for  the  further  cooperation  of  the  mining  men 
of  Colorado  in  obtaining  specimens  and  increasing  the  quantity 
and  quality  of  those  we  already  have. 

The  Museum  is  located  at  14th  Avenue  and  Sherman  Street, 
Denver,  and  is  open  to  visitors  every  week  day  from  8  :30  a.  m.  to 
5  p.  m.,  except  Saturday  when  it  is  open  from  9  a.  m.  to  12  noon. 
Mrs.  Mary  Piper  is  in  charge  of  the  exhibits  and  is  always  ready 
and  willing  to  aid  visitors. 

ETHEL  F.  MCCARTHY, 

Chief  Clerk. 
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MINING 

1946 

FRED  JONES 

Commissioner  of  Mines 

Due  to  the  scarcity  of  paper  no  complete  annual  reports  were 
published  in  1944  or  1945,  only  mimeographed  lists  of  properties, 
accidents  and  productions  were  made  available  to  the  public.  Now 
that  the  supply  of  paper  is  easier  and  provision  has  been  made  in 
the  Bureau  of  Mines  appropriation  for  the  1946  annual  report,  we 
will  endeavor  to  print  more  of  the  important  statistics  concerning 
the  production  of  minerals  in  the  state,  both  metallic  and  non- 
metallic. 

The  personnel  of  the  Bureau  has  not  changed  for  several  years 
and  all  have  been  busy  with  the  usual  activities  of  the  department, 
and  also  making  preparation  for  the  expected  increase  in  mining 
activity  in  the  state  due  to  the  cessation  of  World  War  TT.  May  8, 
1945,  V-E  Day,  saw  the  collapse  of  the  German  forces  and  Septem- 
ber 2.  1945,  V-J  Day,  the  defeat  of  the  Japanese  war  machine. 

The  famous  Order  L-208,  which  placed  certain  restrictions  on 
the  mining  of  gold  and  silver,  went  into  effect  October  8,  1942. 
Immediately  a  decrease  in  production  for  Colorado  was  noted  in 
gold,  silver  and  copper.  Lead  and  zinc  production  increased  in 
1943  and  then  dropped  back  to  normal.  The  total  production  in 
dollars  for  metals  dropped  steadily  until  L-208  was  rescinded  by 
President  Truman  on  -July  1,  1945.  Production  now  gives  promise 
of  shortly  reaching  the  prewar  level. 

The  four  inspectors  made  345  inspections  with  complete  reports 
and  1,121  inspections  without  reports.  The  office  personnel  wrote 
832  Bureau  of  Mines  letters  and  429  letters  for  the  State  Geological 
Survey  Board,  and  prepared  and  distributed  188  collections  of 
small  specimens  characteristic  of  the  state  of  Colorado.  They  also 
assisted  some  2,400  applicants  at  the  office  to  obtain  information 
about  mines  and  mining  claims  over  the  state.  330  specimens  were 
tested   for  prospectors,  either  at  the  office,  the  School  of   Mines,  or 

by  Professor  George  at  the  State  University  at  Boulder.  The  exact 
amounts  of  the  minerals  are  no1  given  the  inquirer,  but  they  are 
identified  for  him  and  he  is  told  whether  or  not  they  are  in  commer- 
cial quantities. 

Following  is  a  list  of  all  the  mineral  producing  counties,  their 
population,  size,  mineral  production,  number  of  mines,  mills  and 
quarries  worked,  with  the  average  daily  man  shifts  during  1946. 

A  careful  study  of  this  list  cannot  help  but  impress  the  reader  with 

the  tremendous  increase  in  the  importance  of  the  production  of  non- 

rnet;illics  of   the  state. 

Unfortunately  the   Bureau   has  not   been  able  to  include  the 

production    of    vanadium    and    carnot  ite.    due    to    the    fact    that    the 

Federal  Governmenl  has  maintained  stricl  secrecy  concerning  this 
production. 
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Adams  County 

Population,  21,389  Area,  1,247  Square  .Miles 

11th  county  in  production  of  Gold 576  ozs. 

27th  county  in  production  of  Silver 94  ozs. 

The  entire  production  obtained  on  Clear  ('reek  in  washing  sand 
and  gravel  for  building  material. 

29th  county  in  total  mineral  production $  20,236.00 

Boulder  County 

Population,  33,896  Area,  753  Square  Miles 

8th  county  in  production  of  Gold 3,400  ozs. 

17th  county  in  production  of  Silver 10,052  ozs. 

19th  county  in  production  of  Copper 8,000  lbs. 

14th  county  in  production  of  Lead 136,000  lbs. 

Fluorspar $390,757.74 

Tungsten    . 306,096.00 

9th  county  in  total  mineral  production $840,096.00 

Average  daily  man  shifts — 176  employed  in  15  mines  and  2  mills. 

Chaffee  County 
Population,  7,191  Area,  1,039  Square  Miles 

13th  county  in  production  of  Gold 412  ozs. 

14th  county  in  production  of  Silver 17,196  ozs. 

9th  county  in  production  of  Copper 78,000  lbs. 

17th  county  in  production  of  Lead 47,000  lbs. 

9th  county  in  production  of  Zinc 722,000  lbs. 

Fluorspar  ....$553,015.14 

Feldspar _ 34,477.00 

Limestone 537,328.00 

Granite : 9,986.00 

8th  county  in  total  mineral  production... $1,268,963.14 

Average  daily  man  shifts — 126  employed  in  6  quarries, 
1  placer,  6  mines  and  2  mills. 

Clear  Creek  County 
Population,  2,454  Area,  394  Square  Miles 

7th  county  in  production  of  Gold 3,696  ozs. 

8th  county  in  production  of  Silver 82,792  ozs. 

12th  county  in  production  of  Copper 38,000  lbs. 

8th  county  in  production  of  Lead .....941,000  lbs. 

14th  county  in  production  of  Zinc 180,000  lbs. 

15th  county  in  total  mineral  production ..$400,141.00 

Average  daily  man  shifts — 198  employed  in  1  mill  and  21  mines. 

Conejos  County 
Population,  9,537  Area,  1,271  Square  Miles 

Turquoise  $30,000.00 

28th  county  in  total  mineral  production.. $30,000.00 

Average  daily  man  shifts — 20  employed  in  one  mine. 
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Custer  County 

Population,  1,578  Area,  737  Square  Miles 

22nd  county  in  production  of  Gold 40  ozs. 

12th  county  in  production  of  Silver 25,724  ozs. 

18th  county  in  production  of  Copper 9,000  lbs. 

12th  county  in  production  of  Lead 445,000  lbs. 

12th  county  in  production  of  Zinc 356,000  lbs. 

20th  county  in  total  mineral  production $115,580.00 

Average  daily  man  shifts — 34  employed  in  6  mines. 

Delta  County 
Population,  13,653  Area,  1,157  Square  Miles 

Sulphur $12,500.00 

33rd  county  in  total  mineral  production    $12,500.00 

Average  daily  man  shifts — 9  employed  in  one  quarry 

Dolores  County 
Population,  2,054  Area,  1,028  Square  Miles 

18th  county  in  production  of  Gold  136  ozs. 

6th  county  in  production  of  Silver..... 173,297  ozs. 

4th  county  in  production  of  Copper 223,000  lbs. 

4th  county  in  production  of  Lead 4,351,000  lbs. 

4th  county  in  production  of  Zinc 6,870,000  lbs. 

6th  county  in  total  mineral  production $1,493,309.00 

Average  daily  man  shifts — 206  employed  in  11  mines. 

Douglas  County 

Population,  3,044  Area,  843  Square  Miles 

26th  county  in  production  of  Gold 1   oz. 

Limestone    $  2,406.00 

Clav    39,945.00 

Silica    Sand 4,627.50 

25th  county  in  total  mineral  production   $47,013.50 

Average  daily  man  shifts     17  employed  in  5  quarries 

Eagle  County 
Population,  t,546  Area,  1,685  Square  Miles 

16th  county  in  production  of  Gold 164  ozs. 

9th  county  in  production  of  Silver 57,364  ozs. 

15th  county  in  production  of  Copper 17,000  lbs. 

7th  county  in  production  of  Lead.. 1,380,000  lbs. 

1st  county  in  production  of  Zinc  32,873,000  lbs. 

2nd  county   in  total  mineral  production  $4,215,770.00 

Average  daily  man  shifts    327  employed  in  2  mines. 

El  Paso  County 
Population,  61,234  Area,  2,158  Square  Miles 

Limestone  $16,548.66 

Silica    Sand  1,141,15 

Clay  167.00 

:'lst  county  in  total  mineral  production $17,857.11 

Average  daily  man  shifts      164  employed  in  4  <|iiarries  and  2  mills. 
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Fremont  County 
Population,  17,352  Area,  1,562  Square  Miles 

23rd  county  in  production  of  Gold 1!'  ozs. 

21st  county  in  production  of  Silver 2,182  ozs. 

14th  county  in  production  of  Copper 30,000  lbs. 

18th  county  in  production  of  Lead 36,000  lbs. 

13th  county  in  production  of  Zinc 226,000  lbs. 

Limestone    $324,814.65 

Feldspar  and  Mica 72,442.74 

Gypsum   54,546.95 

Silica    23,576.00 

Sandstone   15,200.00 

Clay 38,552.00 

Travertine   63,732.00 

Marble    13,938.00 

12th  county  in  total  mineral  production $645,586.34 

Average  daily  man  shifts — 480  employed  in  35  quarries, 

3  mines  and  3  mills. 

Garfield  County 

Population,  9,253  Area,  2,994  Square  Miles 

27th  county  in  production  of  Gold 1  oz. 

22nd  county  in  production  of  Silver 1,756  ozs. 

19th  county  in  production  of  Lead 35,000  lbs. 

15th  county  in  production  of  Zinc 110,000  lbs. 

Limestone  .$17,775.00 

Volcanic    Ash 3,600.00 

26th  county  in  total  mineral  production $40,064.00 

Average  daily  man  shifts — 198  employed  in  2  quarries, 

1  mill  and  4  mines. 

Gilpin  County 
Population,  799  Area,  149  Square  Miles 

14th  county  in  production  of  Gold 348  ozs. 

19th  county  in  production  of  Silver 3,334  ozs. 

20th  county  in  production  of  Copper 5,000  lbs. 

16th  county  in  production  of  Lead 118,000  lbs. 

16th  county  in  production  of  Zinc 57,000  lbs. 

27th  county  in  total  mineral  production $35,500.00 

Average  daily  man  shifts — 44  employed  in  5  mines. 

Gunnison  County 
Population,  4,592  Area,  3,242  Square  Miles 

17th  county  in  production  of  Gold 145  ozs. 

16th  county  in  production  of  Silver 15,203  ozs. 

11th  county  in  production  of  Copper. 40,000  lbs. 

9th  county  in  production  of  Lead 778.000  lbs. 

8th  countv  in  production  of  Zinc 885,000  lbs. 

Feldspar $18,750.00 

17th  county  in  total  mineral  production $235,361.00 

Average  daily  man  shifts — 97  employed  in  1  quarry,  1  placer 
and  9  mines. 
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Hinsdale  County 
Population,  209  Area,  1,057  Square  Miles 

25th  county  in  production  of  Gold 3  ozs. 

24th  county  in  production  of  Silver 442  ozs. 

21st  county  in  production  of  Copper 4.000  lbs. 

37th  county  in  total  mineral  production. $1,110.00 

Jackson  County- 
Population,  1,727  Area,  1,623  Square  Miles 

Fluorspar    $8,995.35 

34th  county  in  total  mineral  production $8,995.35 

Average  daily  man  shifts — 8  employed  in  1  mine. 

Jefferson  County 
Population,  34,053  Area,  786  Square  Miles 

20th  county  in  production  of  Gold 92  ozs. 

23rd  county  in  production  of  Silver 850  ozs 

8th  county  in  production  of  Copper 83,000  lbs. 

Clay    $140,288.4!) 

Crushed    Rock 124,035.00 

16th  county  in  total  mineral  production $281,676.49 

Average  daily  man  shifts — 764  employed  in  1  mine  and  9 
quarries  and  plants. 

Lake  County 
Population,  7,809  Area.  3S0  Square  Miles 

5th  county  in  production  of  Gold 10.7S0  ozs. 

4th  county  in  production  of  Silver 332,472  ozs. 

6th  county   in   production  of  Copper 195,000  lbs. 

1st  county  in  production  of  Lead 8,883,000  lbs. 

2nd  county  in  production  of  Zinc 11.992.000  lbs. 

Molybdenum    $8,774,200.00 

1st  county  in  total  mineral  production $11,882,998.00 

Average  daily  man  shifts — R$£  employed  in  1   placer, 
5  mills  and  1 1  mines. 

La  Plata  County 
Population.  11,820  Area.  1,689  Square  Miles 

12th  county  in  production  of  Gold 548  ozs. 

25th  county  in  production  of  Silver  ...         360  ozs. 

30th  county  in  total  mineral  production  $19,471.00 

Average  daily    man   shifts      .'{  employed    in    1    mine. 

Larimer  County 

Population.  30,170  Area.  2,619  Square  Miles 

Limestone  $126,453.41 

Gypsum  352,738.00 

Alabaster  5,000.00 

14th  county  in  total  mineral  production  $484,191.4] 

Average  daily  man  shifts    207  employed  in  5  quarries 

ami    1    cemenl    plant. 
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Las  Animas  County 
Population,  25,980  Area,  4,794  Square  Miles 

Clay    $60,000.00 

23rd  county  in  total  mineral  production $60,000.00 

Mineral  County 
Population,  625  Area,  921  Square  Miles 

15th  county  in  production  of  Gold 175  ozs. 

3rd  county  in  production  of  Silver 355,110  ozs. 

10th  county  in  production  of  Copper 61,000  lbs. 

10th  county  in  production  of  Lead 492,000  lbs. 

19th  count v  in  production  of  Zinc 6.000  lbs. 

Fluorspar  $254,092.00 

13th  county  in  total  mineral  production. _ $611,388.00 

Average  daily  man  shifts — 85  employed  in  3  mines. 

Montezuma  County 
Population.  7,858  Area,  2,095  Square  Miles 

19th  county  in  production  of  Gold 142  ozs. 

26th  county  in  production  of  Silver 344  ozs. 

35th  county  in  total  mineral  production $5,248.00 

Average  daily  man  shifts — 5  men  employed  in  1  mine. 

Montrose  County 
Population,  12.795  Area.  2,239  Square  Miles 

24th  county  in  production  of  Gold 18  ozs. 

13th  county  in  production  of  Silver. 23,307  ozs. 

3rd  county  in  production  of  Copper.. 292.000  lbs. 

22nd  county  in  total  mineral  production $66,766.00 

Average  daily  man  shifts — 67  employed  in  1   mill  and  10  mines. 

Otero  County 
Population,  24,311  Area.  1,267  Square  Miles 

Alabaster   $14,131.08 

32nd  county  in  total  mineral  production $14,131.08 

Average  daily  man  shifts — 12  employed  in  1  quarry. 

Ouray  County 
Population,  1,720  Area,  540  Square  Miles 

6th  county  in  production  of  Gold 8,504  ozs. 

5th  county  in  production  of  Silver 194,297  ozs. 

5th  county  in  production  of  Copper 199,000  lbs. 

6th  county  in  production  of  Lead 1,743,000  lbs. 

7th  county  in  production  of  Zinc 1,247,000  lbs. 

10th  county  in  total  mineral  production $828,991.00 

Average  daily  man  shifts — 389  employed  in  13  mines  and  2  mills. 

Park  County 
Population.  1,771  Area,  2.166  Square  Miles 

3rd  county  in  production  of  Gold 20,088  ozs. 

15th  county  in  production  of  Silver 15.995  ozs. 
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16th  county  in  production  of  Copper 17,000  lbs. 

15th  county  in  production  of  Lead 122,000  lbs. 

10th  county  in  production  of  Zinc 683,000  lbs. 

11th  county  in  total  mineral  production $815,382.00 

Average  daily  man  shifts — 110  employed  in  10  mines, 

3  placers  and  1  mill. 

Pitkin  County 
Population,  1,202  Area,  974  Square  Miles 

28th  county  in  production  of  Gold 1  oz. 

10th  county  in  production  of  Silver 41,630  ozs. 

13th  county  in  production  of  Lead 215,000  lbs. 

17th  county  in  production  of  Zinc 18,000  lbs. 

24th  county  in  total  mineral  production $59,303.00 

Average  daily  man  shifts — 21  employed  in  2  mines. 

Pueblo  County 
Population,  73,268  Area,  2,401  Square  Miles 

Limestone  $40,129.00 

Clay    87,635.35 

Silica    5,250.00 

Scrap   Steel 59,321.00 

18th  county  in  total  mineral  production $192,335.35 

Average  daily  man  shifts — 212  employed  in  13  quarries  and  1  mill. 

Rio  Grande  County 
Population,  11,395  Area,  916  Square  Miles 

9th  county  in  production  of  Gold 1,834  ozs. 

20th  county  in  production  of  Silver 2,338  ozs. 

17th  county  in  production  of  Copper 14,000  lbs. 

21st  county  in  total  mineral  production $68,347.00 

Average  daily  man  shifts — 21  employed  in  1  in  inc. 

Routt  County 
Population,  8,344  Area,  2,330  Square  Miles 

28th  county  in  production  of  Silver 63  ozs. 

18th  county  in  production  of  Zinc 14,000  lbs. 

36th  county  in  total  mineral  production  $1,759.00 

1   mine. 

Saguache  County 
Population,  4,661  Area,  3,144  Square  Miles 

21st  county  in  production  of  Gold  57   ozs. 

11th  county  in   production  of  Silver  28,396   OZS. 

7th  county  in  production  of  Copper  .  86, 000  lbs. 

11th  county  in   production  of   Lead  17s. 000   lbs. 

11th  county   in   product  ion  of  Zinc  ISO, 000   lbs. 

19th  county  in  total  mineral  production  $149,533.00 

Average  daily  man  shifts    39  employed  in  10  mines. 
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San  Juan  County- 
Population,  1,049  Area,  392  Square  Miles 

4th  county  in  production  of  Gold 17,396  ozs. 

1st  county  in  production  of  Silver 361,328  ozs. 

2nd  county  in  production  of  Copper 757,000,  lbs. 

2nd  county  in  production  of  Lead 7,084,000  lbs. 

6th  county  in  production  of  Zinc 3,757,000  lbs. 

4th  county  in  total  mineral  production $2,253,957.00 

Average  daily  man  shifts — 287  employed  in  20  mines  and  1   mill. 

San  Miguel  County 
Population,  2,106  Area,  1,283  Square  Miles 

2nd  county  in  production  of  Gold 24,730  ozs. 

2nd  county  in  production  of  Silver 358,443  ozs. 

1st  county  in  production  of  Copper 1,321,000  lbs. 

3rd  county  in  production  of  Lead 4,762,000  lbs. 

5th  county  in  production  of  Zinc... 3,925,000  lbs. 

3rd  county  in  total  mineral  production $2,367,082.00 

Average1  daily  man  shifts — 264  employed  in  9  mines. 

Summit  County 
Population,  1,124  Area,  615  Square  Miles 

10th  county  in  production  of  Gold 1,667  ozs. 

7th  county  in  production  of  Silver 128,246  ozs. 

13th  county  in  production  of  Copper :.      31,000  lbs. 

5th  county  in  production  of  Lead 2,026,000  lbs. 

3rd  county  in  production  of  Zinc 7,293,000  lbs. 

7th  county  in  total  mineral  production ..._ $1,277,570.00 

Average  daily  man  shifts — 116  employed  in  12  mines 

Teller  County- 
Population,  2,616  Area,  544  Square  Miles 

1st  county  in  production  of  Gold 47,640  ozs. 

18th  county  in  production  of  Silver 7,536  ozs. 

5th  county  in  total  mineral  production $1,673,489.00 

Average  daily  man  shifts — 462  employed  in  1  mill  and  42  mines. 


In  addition  to  the  above  mentioned  men  the  following  were 
employed  : 

Denver — Cadmium  Smelter  and  Feldspar  Plant 134 

Oil  Shale 85 

Road  Work  and  Tunnels 952 


MINE    PRODUCTION   OF   GOLD,   SILVER,    COPPER,   LEAD, 
AND  Z1XC  IX  COLORADO  IX  1946 

Gold Fine  ounces 142,613 

Silver Fine   ounces 2,240,151 

Copper Pounds  3,508,000 

Lead Pounds 34,072,000 

Zinc Pounds 72,294,000 

Total  Value $19,903,509 
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HISTORICAL  NOTE 

The  Bureau  of  Mines  of  the  State  of  Colorado  was  established 
by  an  act  of  the  Tenth  General  Assembly,  approved  March  30. 
1895.  This  act  repealed  a  previous  act  creating  an  "Inspector  of 
Metalliferous  Mines,"  which  was  passed  in  1889.  The  Bureau  of 
Mines  law  established  the  office  of  Commissioner  of  Mines,  pro- 
vided for  in  the  State  Constitution,  and  charged  him,  among  other 
things,  with  the  supervision  of  metal  mine  inspection  and  the  en- 
forcement of  laws  relating  to  safety  and  health  in  metal  mines. 
Subsequently  this  was  broadened  to  include  "any  ore  mill,  sam- 
pling works,  smelter,  metallurgical  plant,  rock  quarry,  clay  pit, 
railroad  tunnel,  rock  excavation  or  mine  of  whatsoever  kind  or 
character  except  coal  mines."  The  Commissioner  of  Mines  was 
also  charged  "as  he  has  opportunity  and  means"  to  collect  min- 
eral specimens  and  exhibit  the  same,  to  collect  books  relating  to 
mining  and  geology,  to  collect  and  preserve  data  regarding  min- 
ing methods,  mining  costs,  milling,  metallurgy,  geology,  mineral 
deposits  of  all  kinds,  and  so  on.  Aside  from  the  purchase  of  the 
Eisner  collection  of  minerals,  very  little  "opportunity  and  means" 
has  been  granted  to  the  Commissioners  for  anything  except  inspec- 
tion work.  A  strong  effort  is  being  made  at  this  time  not  only  to 
make  mining  as  near  absolutely  safe  as  possible  but  to  help  and 
encourage  it  in  every  legitimate  way  possible.  The  present  activities 
of  the  Bureau  of  Mines  are  treated  elsewhere  in  this  report. 


COMMISSIONERS  OF  MINES 

Harry  A.  Lee May  11,  1895-May   10,  1908 

E.  L.  White..  May  10,  1903-May  10,  1907 

T.  J.  Dalzell  May  10,   1907-May  10,  1911 

T.  K.  Ilenalicn                       May   10,   1911-May   10,  1915 

Fred  Carroll  May  10,  1915-June     1,  1919 

Horace  F.  Lunl  June     1,   1919-June     1,  L923 

.John  T.  Joyce June     1,  1923-June     1,  1927 

John  T.  Joy.-c  June     1,  1927-June     1,  L931 

John  T.  Joyce June    1,  L931-June     1,  L935 

John  T.  Joyce  June     1,  1935-June  12,  1989 

Edward    P.    Arthur  June   12,    1939-Aug.   26,  1943 

Fred   Jones  Sept.    27,    194.'J 
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PUBLICATIONS    OF    THE    BUREAU    OF    MINES 


BULLETINS 


Bulletin  No.  1,  Recommendations  for  Safety  Appliance  in  Mining, 
Harry  A.  Lee,  Commissioner  of  Mines,  1896. 

Bulletin  No.  2,  Precious  Metal  Production  for  the  Year  1898, 
Harry  A.  Lee,  Commissioner  of  Mines,  1899. 

Bulletin  No.  3,  Mining  Laws,  Relative  to  Bureau  of  Mines  Pre- 
cious Metal  Production,  Harrv  A.  Lee,  Commissioner  of  Mines, 
1899. 

Bulletin  No.  4,  Precious  Metal  Production,  Harry  A.  Lee,  Com- 
missioner of  Mines,  1901. 

Bulletin  No.  5,  Precious  Metal  Production,  Harry  A.  Lee,  Com- 
missioner of  Mines,  1902. 

Bulletin  No.  6,  Regulations  Relative  to  the  Construction,  Equip- 
ment and  Operation  of  Metalliferous  Mines,  Mills  and  Metal- 
lurgical Plants,  Recommendations  and  Mineral  Production 
for  1905,  E.  L.  White,  Commissioner  of  Mines,  1906. 

Bulletin  No.  7,  Federal  and  State  Laws  Relating  to  Mining.  Fred 
Carroll,  Commissioner  of  Mines,  1916. 

Supplement  to  Bulletin  No.  7,  Mining  Laws  Enacted  by  the 
Twenty-first  General  Assembly,  Fred  Carroll,  Commissioner 
of  Mines,  1917. 

Supplement  No.  2  to  Bulletin  No.  7,  Amendments  to  the  Mining 
Laws  Enacted  by  the  Twenty-second  General  Assembly,  Hor- 
ace F.  Lunt,  Commissioner  of  Mines,  1919. 

Supplement  No.  3  to  Bulletin  No.  7,  Amendments  to  Laws  Relat- 
ing to  Mining  Enacted  by  the  Twenty-third  General  Assem- 
bly, Horace  F.  Lunt,  Commissioner  of  Mines,  1921. 

Supplement  No.  4  to  Bulletin  No.  7,  Amendments  to  LaAvs  Relating 
to  Mining  Enacted  by  the  Twenty-fourth  General  Assembly, 
Horace  F.  Lunt,  Commissioner  of  Mines,  1923. 

Bulletin  No.  8,  The  Oil  Shales  of  Northwestern  Colorado.  Horace 
F.  Lunt,  Commissioner  of  Mines,  1919. 

Bulletin  No.  9,  Mine  Safety  Standards,  Horace  F.  Lunt,  Commis- 
sioner of  Mines,  1920.  Out  of  print,  now  embraced  in  Bulle- 
tin No.  11. 

Bulletin  No.  11,  Federal  and  State  Laws  Relating  to  Mining,  John 
T.  Joyce,  Commissioner  of  Mines,  1931. 

Bulletin  No.  12,  Mining  Laws  of  Colorado,  Edward  P.  Arthur, 
Commissioner  of  Mines,  1942. 

Bulletin  No.  13,  Mining  Laws  of  Colorado,  Fred  Jones,  Commis- 
sioner of  Mines,  1946. 
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REPORTS 

Report  of  Bureau  of  Mines,  Colorado,  from  its  establishment  in 
May,  1895,  to  November  30,  1896,  Harry  A.  Lee,  Commissioner 
of  Mines,  1896. 

Report  for  the  Year,  1897,  Ilarrv  A.  Lee,  Commissioner  of  Mines, 
1898. 

Report  for  the  Year  1898,  Harrv  A.  Lee,  Commissioner  of  Mines, 
1899. 

Biemral  Report  for  the  Years  1899-1900,  Harry  A.  Lee,  Commis- 
sioner of  Mines,  1900. 

Biennial  Report  for  the  years  1901-1902.  Harry  A.  Lee,  Commis- 
sioner of  Mines,  1903. 

Biennial  Report  for  the  Years  1903-1904,  E.  L.  White,  Commis- 
sioner of  Mines,  1905. 

Biennial  Report  for  the  Years  1905-1906,  E.  L.  White,  Commis- 
sioner of  Mines,  1907. 

Biennial  Report  for  the  Years  1907-1908,  T.  J.  Dalzell,  Commis- 
sioner of  Mines,  1909. 

Biennial  Report  for  the  Years  1909-1910,  T.  J.  Dalzell,  Commis- 
sioner of  Mines,  1911. 

Biennial  Report  for  the  Years  1911-1912,  T.  R.  Henahen,  Commis- 
sioner of  Mines,  1913. 

Biennial  Report  for  the  Years  1913-1914,  T.  R.  Henahen,  Commis- 
sioner of  Mines,  1914. 

Biennial  Report  for  the  Years  1915-1916,  Fred  Carroll,  Commis- 
sioner of  Mines,  1916. 

Biennial  Report  for  the  Years  1917-1918,  Fred  Carroll.  Commis- 
sioner of  Mines,  1919. 

Annual  Report  for  the  Year  1919,  Horace  F.  Lnnt,  Commissioner 
of  Mines.  1920. 

Animal  Report  for  the  Year  1920,  Horace  P.  Lnnt.  Commissioner 
of  Mines,  1921. 

Animal  Report  for  the  Year  1921,  TToraee  F.  Lnnt,  Commissioner 
of  Mines,  1922. 

Annual  Reporl  for  the  Year  1922,  Horace  P.  Lnnt,  Commissioner 

of    Mines.    1923. 

Annual  Report  for  the  Year,  1923,  .John  T.  .Joyce,  Commissioner 

of    Mines,    1921. 

Annual   Report   for  the  Fear  L924,  John  T.  Joyce,  Commissioner 

of  Mines,  1925. 
Annual  Report  for  the  Year  1925  was  fully  prepared  but  because 

of  lack  of  funds  was  not   printed.    The  manuscript   is  on  file  in 

tie-  office  of  the  State   Bureau  of  Mines. 

Annua!   Report   For  the  Year  1926,  John  T.  .Joyce,  Commissioner 

of    Mines,    1927. 
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Annual  Report  for  the  Year  1927,  John  T.  Joyee,  Commissioner 
of  Mines,  1928. 

Annual  Report  for  the  Year  1928,  John  T.  .Joyce,   Commissioner 
of  Mines,  1929. 

Annnal  Report  for  the  Year,  1929,  John  T.  Joyce,  Commissioner 
of  Mines,  1930. 

Annual  Report  for  the  Year  1930,  John  T.  Joyce,  Commissioner 
of  Mines,  1931. 

Annual  report  for  the  Year,  1931,  John  T.  Joyce,  Commissioner 
of  Mines,  1932. 

Annual  Report  for  the  Year  1932,  John  T.  Joyce,   Commissioner 
of  Mines,  1933. 

Annual  Report  for  the  Year  1933,  John  T.  Joyce,  Commissioner 
of  Mines,  1934. 

Annual  Report  for  the  Year  1934,  John  T.  Joyce,  Commissioner 
of  Mines,  1935. 

Annual  Report  for  the  Year  1935,  John  T.  Joyce,   Commissioner 
of  Mines,  1936. 

Owing  to   lack   of   funds  the   1936   Annual   Report   of   the   State 
Bureau  of  Mines  was  not  published. 

Annual  Report  for  the  Year  1937,  John  T.  Joyce,  Commissioner 
of  Mines,  1938. 

Owing  to   lack   of   funds   the   1938   Annual   Report   of   the   State 
Bureau  of  Mines  wras  not  published. 

Annual  Report  for  the  Year  1939,  Edward  P.  Arthur,   Commis- 
sioner of  Mines,  1940. 

Annual  Report  for  the  Year  1941,   Edward   P.  Arthur,   Commis- 
sioner of  Mines,  1942. 

Annual  Report  for  the  Years  1942  and  1943,  Fred  Jones,  Commis- 
sioner of  Mines,  1944. 

List  of  Mines  for  the  Year   1944,   Fred   Jones,    Commissioner   of 
Mines,  1945. 

List  of  Mines  for  the  Year  1945,   Fred  Jones,   Commissioner   of 
Mines,  1946. 
At  the  time  this  report  goes  to  press,  there  are  available  for 

distribution  copies  of  the  Annual  Reports  for  1921,   1922,   1928, 

1932  and  1941.   The  1929,  1930,  1931,  1933,  1934,  1935,  1937,  1939, 

1942  and  1943  Annual  Reports  are  out  of  print.    The  publications 

riot  mentioned  in  this  paragraph  are  exhausted,  but  copies  may  be 

consulted    in   many    of   the    public,    state    and    college    libraries 

throughout  the  country. 


Note — The  Colorado  Geological  Survey  has  published  a  number  of  geo- 
logical reports  and  maps,  a  list  of  which  may  be  obtained  from  the  head  of 
the  Geology  Department  of  the  University  of  Colorado,  Boulder,  Colorado. 
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FATAL  ACCIDENTS,  1946 

Underground 

February  15,  Fred  Medina  of  Del  Norte,  age  24,  married, 
mucker,  employed  by  The  Colorado  Fuel  and  Iron  Corporation, 
Wagon  Wheel  Gap,  Colorado,  came  to  his  death  when  he  fell  down 
303  raise,  a  distance  of  120  feet.  Medina  died  the  following  day, 
February  16.  1946.    Unavoidable  accident. 

April  19,  Carl  Sanstrom  of  Aspen,  age  51,  married,  miner, 
employed  by  the  Midnight  Mining  Company,  Aspen,  came  to  his 
death  when  he  was  killed  by  fall  of  rocks  when  pulling  a  filled 
stope  through  grizzly  on  the  8th  level.    Unavoidable  accident. 

.June  (J.  Steve  E.  Lauer  of  Telluride,  age  27,  single,  miner, 
employed  by  Telluride  Mines,  Inc.,  Telluride,  died  when  he  slipped 
and  fell  125  feet  in  No.  34  raise  to  the  North  Main  Level  of  the 
Montana  Group.    Accidental. 

September  2o,  Hugh  Stanley  Knowlton,  age  42,  miner,  em- 
ployer! by  the  Mountain  Queen  lease  of  Silverton,  came  to  his  death 
by  being  caught  in  a  blast  because  he  finished  spitting  the  round 
of  holes  with  his  lamp  after  the  spitter  had  gone  out.  Tlis  body 
was  removed  early  in  the  morning  of  September  23.  Carelessness 
of  injured. 

October  19,  James  P.  Leary  of  Leadville,  age  44,  single,  tim- 
berman,  employed  by  the  Resurrection  Mining  Company,  Lead- 
ville. came  to  his  death  from  gas  fumes  in  a  lateral.  Death  was 
instantaneous.    Carelessness  of  injured. 

Surface 

March  30,  William  A.  Martin  of  Silverton,  age  31,  married, 
hoist  operator,  employed  by  Pride  of  West.,  Inc.,  Silverton,  came 
to  his  death  by  jumping  50  to  60  feet  to  snow-covered  ground  from 
skip  of  single-carrier  jig-back  tramway.  He  was  riding  on  this 
when  coming  oil'  shift.  Martin  was  killed  instantly.  Violation  of 
safety  rule  and  failure  to  use  safety  device. 

Mill 

December  22,  Russell  David  Hull  of  Ouray,  age  18,  married, 
mill  helper,  employed  by  the  American  Zinc  Lead  and  Smelting 
Company,  Ouray,  Colorado,  came  to  his  death  by  falling  into  scoop 
feed  box  of  ball  mill.  Scoop  tip  caught  left  leg,  pulling  it  from  hip 
.joint  and  taking  it  through  feed  box.  The  accident  happened 
about  10:30  a.  ni.  and  1 1  nil  died  in  the  hospital  at  11  a.  ni.     In ex  per 

Ience  and  carelessness  of  injured. 

December  24,  dames  Travison  of  Leadville,  age  2(5,  married, 
mill  shift  boss,  employed  by  the  Resurrection  Alining  Company, 
Leadville,  died  of  suffocation  in  an  ore  bin  after  going  to  the  rescue 
of  one  of  the  workmen  who  failed  to  use  the  necessary  safety 
device.   Violation  of  safety  rule. 


COLORADO  BUREAU  OF  MINES  2^ 

December  28,  William  King,  of  Lead vi lie,  age  61,  married, 
shift  boss,  employed  by  the  John  Ilamm  Mining  and  Milling,  Ltd., 
of  Leadville,  was  attempting  to  locate  an  unusual  noise  in  the  jig. 
as  if  something  was  broken,  when  his  overall  jumper  pocket  was 
caught  in  the  sprocket  on  the  jack  shaft  of  the  jig.  He  died  from 
the  effects  of  a  badly  mangled  arm  and  leg  the  following  day  in  the 
hospital.    Carelessness  of  injured. 


24 


ANNUAL  REPORT 


X 

W 

- 

Pd 

H 

en 

O 

<j  O 

^ 

£ 

to 

h-l 

Ph 

Q 

p 

X 

Q 

<1 

H 

m 

£ 

H 

H 

3 

o 

p 

Ph 

3? 

^ 

„ 

H 

X 

~ 

fe 

H 

O 

^ 

_: 

cc 

H 

>H 

<1 

o 

jj 

o 

A 

© 

J 

©~ 

HH 

»"H 

k=H 

^ 

Ph 

^ 

H 

X 

Ph 

H 
X 

Q 

i— i 

W 

a 

W 

P 

H 

1-3 

P 

J? 

C 

pq 

Q 

-^ 

£ 

Q 

-1 

y< 

Q 

< 

H 

Y< 

H 

M 

. — i 

s 

s 

>H 

o 

fe 

-: 

o 

~ 

PS 

S 

w 

- 

2  - 

: 

P  3 

gg 

£* 

>H 

p  < 

<4 

< 

X    » 

fg       r.  :-  c  e 

•*»> 

_ 

-* 

^t< 

JlJ 

re 

,— i 

m 

LO 

cc 

"G       ->  Ph  -5"  2J 

CO 

-_r 

l.O 

g« 

•*J> 

*<i 

" 

"£  d 

cQ 

^o^S 


o      li      «o      oo 

i—  .—  L-5  00 

;/:  ^         O         tj. 


|o. 


-  I  c  2 
.■;  -   -  •- 


T    "0 


w    a   to 


COLORADO  BUREAU  OF   MINKS 


•2.") 


O 

Q 
< 

o 

o 

}Z5  05 


O 

O  ft 


o  ^ 

125  S 
xn  h 


X 


E-J  <| 
Ph  O 

o 

O 


U   U 
0)  3 

V  0 


p,   .  -co 

fc  'J  'J 


>0> 


M-3 
„co 


-O       J- 
co      0) 

u  a*      > 

O.          j/2 
055-O 

s>Na 


0>     0/     a,  0) 

ftra.3    .2a5  x  53K 


■/. 

u 
o-o 


^  C<I  ^J  +j 


0 


03       53 

X 

9    kc 


ca  ft 

0)     >> 


c  w 

C  4) 


cs,d 

OH 


KM 

00 
00 


£  5 

►/    o 


be3 


0       kx 


x  •  * 


■£5 
go 


£,    -3 


CO 

c 


=  2  2  ~2 

5  o  o  oc 


be 
O 


OS 


IH      W 


-be 

O.M 
^    -CB 

_Jo  n5 


.335-30. 

■  eq  o  —  P-J  N 


IE 


.  0> 

O      .'C 

r  0)  o 
0)    o+j 

>  pqra 
cr>  o;3 


°    -    El 


°*§ 

"  ®  Q 

-  s-  bfitw 
Cp^^  be 


.  o 


<*j  be 
Si' 


=« 
la 


»  a  .S  ^  ed"   nj 


*      2    «    SS 


?2 


ft 
o 
ed 

!• 

i  E 


a  ^ 

—■'O'O 
O  cp  0) 


B 
0 

2  "0 

£  3  ' 


x 


5S 


:w5i 


.  u  cd 


0 

O  h,  ^^ 
^         >»b0 

„  i:  ^  be 

i-s  J  OJc73 


EH 

O 

o 


w  — 

Q, 

c 

-l 

g2 

X 

X 

c 

u 

s£ 

0 

- 

0 

s 

5 

g'S 

E  £ 

X 

w  W 


o 

x  ^ 


X 


'-  +j  a 


c—    . 
U    .  • 

CO 
C  CM 


o  ^-  <M      ^  o 


O    03 

—    u 

So- 

S2§ 
5  ^s     "£ 

§c2K- 

^    4)    O 

"  U  x 


c   o  .c 

rt  rt  a 


o  >> 

a  h 


-  o  ca 

CQ  C  0 


3£  a 

•  c       5     CO 

*  -  x 


"    > 


O  ,3      ^ 


X 


26 


ANNUAL  REPORT 


>   > 


x 


X 


o  *"•  c  c  ^  c 


Z~       ».H  ©  ®.H  ©  «     i.E~     ~ 

S  fr      5  -dS  S -'x  S  SS  ~'x  «£  S  n3  2  J&  a ,, 

ed-  _ed    -     -cd    .   -a   .03    ,oi    .     .2    -    .2    .     -2 

—  •_   ~  —  co  >o  ©is »d  co  ®"0  ©*c  'r.b'c  "diJ'O  'o.b 

«<  "     'J  'J    'J "    'J 


■  ~  *± 

||J 
0  -  ^ 

_•    O    Ci 

Si  M  re 

il    OS 


sT 

01 

u 

~ 

c 

X> 

< 

_ 

K 

b 

9 

l_^ 

z. 

O 

a 

0 

9 

U   - 


od  E 

s  2 


00  00 


StJ 

55  S 

<  pq 


DO  X 

c   c 


*  - 


a  a 
'/.  09 


■j.l 


a  . 

00  iH 


be 

C  DO 

»  S    *  o 

-  .5    5  £ 


3  a 


a 
oa  d, 

oi 

j=a 
ed  e 

■8  m 


■    I 


o  c 


B 
| 

big 

S  £ 

0 

^  U 

ei.§ 
B    c 

It 

£  * 

o  s: 
-  h 


~  c 

3     - 


c  * 

—      L 
8    X 


X     CO 


o 

O  ■• 

it  Bd 

B  © 

J  B 
cd 

-0  .c 

5  a 

X  0» 


*  §     ©  W 
eft   3  * 


§    w  ^     £«     »  S 

h4    m  BO     ~  0 


B 


^ 


-e  -c  T  T 
cd  ce  -  - 
©     ©     ©     a 


w    55    bo    bo    "c 

o      o      o      o  ~ 

_-  c  _j  B  _f  B  _J  c  "" 


X 


2°'  s 


S  K     - 


x 


S     W      Dd 


*j       *^       c 


©     ~ 


c       . 

5  I 


Ij"       1> 


•   ,_  s. 
"5    u  od 


•/. 

B 
- 

a 
i-  x 

J:  c 

a  j= 

B    * 


25  c 


X 

c 


OS         t 


Z 


►7 

-u 

<< 

t-   c 

HH 

O   ed 

k=H 

+->    . 

^ 

ed    ?- 

u    - 

e 

1)    ct 

a  S 

X 

0  « 

B    a 

as  - 

E  E- 


=  £  a   u> 


( OLOKADO  BUREAU  OF  MINES 


g 

< 
X 

c 


u:         <k  o 


p    0, 


-f- 


c 

P3 

H 

fa 

E- 

,r 

X 

_^ 

be 

U 

^ 

^ 

<g 

— 

6JD 

x 

Eh 

< 

- 


OJ  S  Oj  OJ  <D 

*->  —  0)  4)  > 

H5  J  J  S 

?  u  CO 


-10  c  —  ~  c 
'J  55  X  "    w 


-C3 


<M      X 


dSSsZ 

.       t,       X       yi       ^ 

h     O     •     g     > 

fe  S  pq  x 


Q  « 


c  2Q 


o 
O 

IL>     tm     n 


»    S3 


«j  w 

•-s 

n 

C 

^    • 

OJ     . 

c 

2t 

g> 

« 

01 

<D     . 

0 

■— 
■— 

«M 

>     ■ 

n  - 

O  '"    x    on    cc 

J*     D     «     « 


^    e    *    © 

i  S"HH 

W    O     *-    -u 


X    C 

■o  — 


o 

X 

H 

Z 

Q 


x 

— 


ft  u 

~  C 

x~ 


ftC 

o  c 


~  a 


S| 


Ac 

0  B 

"a 


-7  — 


c  5 
Or: 


£2 
x- 


—  ~  « 
.  S 

c    >s 

—  eg  C 


si 


n 


C  d        c  C5  s  :- 

DQ  JJ      X  *J  DO  *J 

id 


|U      nO: 


M    «       £ 


a  . 

.  >. 
X~ 


g 

c 

g 

g 

£ 

£ 

«5" 

o 

o 

c 

o 

0 

U 

c 

M 

ii 

be 

be 

be 

c 

c 

c 

g 

c 

~ 

c 

c 

B 

c 

'     c 

c 
O 

i 

i 

a 

a 

_ 

0> 

<u 

<x» 

<u 

Oi 

c 

c 

c 

C 

c 

c 

— 

c 

c 

CJ 

c 

c 

V 

<v 

OJ 

CD 

41 

be 

be 

be 

be 

be 

c3 
> 

s- 

h 

M 

h 

u 

<j 

<1 

< 

<1 

< 

« 

0 

0 

o 

0 

o 

c* 

u 

0 

o 

o 

28 


ANNUAL  REPORT 


US 


-  - 

u 


o  c 


o  c 

-- 


Cl 


= 

o 
O 


7.         - 

g   X  _ 

-r    ~  ~ 
-  g    . 

o  .£ 


CO 

Cd 

cd 

cd 

!         J 

-3 

J 

4J 

4J 

^j 

jj 

■- 

o3 

X 

71 

X 

- 

. 

. 

-J 

-J 

-J 

£  <j 


x  a 


—      8  u       ho 

cd   ~         - 


- 


cd  _^ 

.  >> 

03  £ 


<        <        < 

o         o         c 


CD  3 


-"— J 
®cd 

-  u 

T3  CD'S 


a    B3 

0    C 

j  5 


.„ 

c 

a 

u 

A 

g 

cd 

■J 

525 

cd 

«      8§  i 

H  Eh 


2C 
ft     a 


5P 


gig 

>•  ©  c 


■a®  "5 

C      cu 


g  s 

5  a 


«j  ^ 


C 

o 

c 

cd 
g       - 

=         - 
O        X 

n 
cd      * 

O       »3 


-T 


o 

Q 
Eh 

o 
03 


^  -       b£       - 

ft       o  J 

k=H         etf   ~       £  a 


>7         -     C        o  ^ 

B       §   =    £ 


W     5   : 

CP     £  - 

O*  2      -    ~- 

2  ft      r    -  - 

o 


D    a; 

g  s 


Rj 


^  od 

«5 

u  — 

5 

o  rt 

- 

=  5 

2  s 

5  ?     3 


X 


X 


p       - 
"id    "J" 


T  co       >> 


25 
^  be 

u  H  co  , 


O    0) 

—   u 


pq  q    _ 

•  •    ^ 

.  ■     u 

•  ■     .x 

•  J    C 
i 

c 

s 


CO 


r  to 


COLORADO  BUREAU  OF  MIXES 


2o 


-     - 


-  -   r3    u 

rj?HS     —   0)—    —   0/ 

£  ^     ..  GQ  03  ftBQ  02  ft 

dk  fe    .    .0.  .   .a 


>      X       X.r~ 


OQ  'J   "      'J  " 


£ 


a:      < 


DD  U  O 

O    JL,     fc, 

d 


—  LtPO 


(4 

d 


£Ss 


§555 


d    d 


a5    aS 


O     -M 

©DO 

u  u  u 


2  ®  d  2 

^  o  -e  tj 

z.  o  o>  .t. 

PQ  fc  ft 


b£  be 


p. 

p. 

DO 

0 

- 

c 
d 

0  5 

0  a 

be  £ 

C  o 

e  U 


-    v. 


u  3 

d  d 

c  c 

«  0> 


d 

o 

a  £ 


5pu 

-P<w 

U  c 


5-c^  >>*2  - 

~.~     -  u  a!    a>  r. 
X      J      03 


DD    2_  * 


-         < 


o-? 


o 

S3 

w   o5 


aS    C 
o   01 

O    fc£ 

'  '    aS 
X 


—  —  -        «    •.- 

~       —  o-r 
-X  ft  CO      . 

feed    -P.  -  fc 

»  as  >0  O  rr 

X      ~      " 


c 

:  £S  ^u 

.     d  ©M 

:  -.2  <Sv8 

2-    PQ  r-l    Gi 


g   DO 


•s  3  5* 


Ed 


£-j  1- 
3  ^=^  d 
w  CS  x 


c 
c 

-    ~  d     • 

On-J 
^   -*->  00    0 

0 

0 

-->>■- 

AS 

!_ 

3   d  C  t- 

c 

< 

a 

m  00  k 

h 

>  I- 

d    " 


o      o 


CO 

-1- 
05 


5 


°3  ^ 


5^    2 

Eh 
< 


C    7: 


x:  3 
O  C3 


•/.  be 

_^  ~ 

-c  PQ 

<J  Si 


5^   d 


I! 


-  c  — 


w    ^: 


o    x 


>_        o  o 


-   c 

g  - 


o>  x: 
C    CJ 

3  2 

2| 


30 


ANNUAL  REPORT 


\tl     At, 


%  c 


m  a.w    w 


^  r   >  —   - 


-   BtfoVS 


O 

— 

PS 

Ph 

Z 


>   z 


.  u 


5   o 


^Sr° 


+■>  <;  a*  £ 


in  rg 


CO    cd 

si 

-  3 
o 

m 


N    W^    N 


5  ga 

od   o 


cd 

-  §  = 


s     *     « "2 

-    -    -5  <<   < 


0   ~ 

J    ■ 

E 


cd  C3 

Oh  co 

*j  C 

a  * 

o  > 

B  H 

a;  ko 

£  5 


3 

0 

GO 

c   <g 
cd  jj 

fa£ 

PQ  J 


c 
«  o 


0    rt 


£    r 


cd  - 

1  K 

0  >. 

V-  — 


O  t»OCJ 

usuc 

o-c  ^-c 
>  cd  >  cc 

x  X  X  - 

t3  t  'd  o 


0. 


O   72 


1-1  c 

o   o 

CO     0) 


>i  d    H 
fa  J  fa 


0/ 

s 

fa 

J 

* 

cj 

3 

~ 

0 

o 

w 

CO 

c 

c 

od 

Dd 

5fa    . 


Eh 
X 


«4 

Ph 

O 


o 
3  3 


B  2 

s  -5 

y     CC 


2^    ^ 

33 


Eh 


X 

— '  i,  CD 

^  3.5 

i— i  o  S        i— i 


X 

9 

X 


0)    0) 

<D    01 
O     O 


- 

2 


§2 

"  5 

o 
o  u 


■3  s 

3  'd 


Sm 

b 

X 

o> 

0> 

z. 

P. 

s 

: 

3 

0> 

5  V. 

y  a?  o 

a  -  - 


<M     O 

o 


X  a 


o  S 

5C 

-    =     0 

a 


X 


— 

X 


S3 


.  o 

fa  fa 


W 

^        5 


X 

^  -4- 


o 


COLORADO  BUREAU  OF  MINES 


31 


t-  3 

ll 

O  o 


3 

— 

Eh 


-5* 

ate$ 


5  ° 


US 

si! 

.       a- 


0) 

CO 

o 

c  o 


o  g 


C        H 

2    s 


c3      u 

a.    5 


3 


bet. 

c  o 

■si* 


c3  o> 


at; 


~5 

(  Jop- 
Zinc 
Lead, 
nc 
Cop- 
Zinc 
Lead 

■r, 

CZ 

5  Bfl 

<V  3 

1! 

X^ 

Silver, 

Lead, 
Silver, 
per,    Zi 
Silver, 
Lead. 
Silver, 
per 
,  Coppi 

a,  zinc 

Silver 

3*3 

O  C 

OS* 

. u  . a  . t*  .irs   . 

- 

C  od 

~  <*-i 

2"S 

"O  a*  "O  cc  ^  T3  c  2,  -~ 

2« 

s> 

o  a 

oao^c acO-- o 

0 

0    O    0    0     x     " 

0 

0> 

>  >. 


3* 


EH 

c 

< 

- 
z 


x 


13    rH 


5  g 

1)  U 

a  i> 

o  £ 


Q 


83 

pq 


an' 


3  c 

0)  3 

o3  u 

>Z 
4)  o 

0)1-5 


O    w 


5   -* 


-     Eh 


3        3        3        3 
OOOO 


pq  o 


pq  ■/. 

ll 

cd  _    ■ 
r  ~x 


=         ~         O         O         O    r-i 


:   be 


;    X 


«N 


£  £ 


pq  .- 


S    S    M 


M 


ANNUAL  REPORT 


p,  u  -  i,  p,  c  r 
JNgNUKlJ 

z  - 

II 

Silver. 

Lead, 
Silver, 

Lead, 
Silver, 

Lead, 
Silver, 

5& 

-  -~~  -  u  r  u  - 
~   i~  WO  0*0 

_   ft  -  —  -  ft  - 

O    O    Cl 


I  ^         - 

I  <    3  \ 

5      0  -™ 


X 


3  n: 


>- 

X 

u 

^ 

be 

5 

>-^ 

C 

£> 

« 

£ 

> 

E 

o 
U 

cc 

o* 

$ 

c 

o       a; 

c 

O       c 

~ 

•o 

72        — 

u 


O       « 

o  3 

-t    r"     -' 

0)  5    ®  O  « 

g°  02  N  5 

~  Qj  ^ 


CD 

-r 


X 

w 

o 


I— I 

a 

o 

i— i 

< 

O 


w   o 
C 


L.      - 

O 


sd  - 

u 

5? 


x  - 


Uc 


bl  P 

c  c 


.gffl 


"     ~~     J 

S-~         C         t.- 

4)      4!      a; 
£     —     > 

■SN-sS-s 


oS  oi 
S  £ 


<j  <: 


o  o 


oS  o 

0>  7" 

(3  h 

o  . 


PC      PQ      '_ 


/.     I 


o«      c 

N  C 

0        C 

*? 

bi 

. 

ba 

s 

g 

^ 

c 

^ 

oS 

c 

rt 

cti 

PQ 

OS 

a!    '        ! 

►5  <N           • 

+■•  u 

.  U 

k  a,     72  a 

S<mQ 


O  ^ 


o 
U 

be  v 

5  B 


■3  2        E 

$  j        o 

rt  c 


C  9Q 

C  *J  c 


U  O    T    "O 

a;  3    rt    oS 

si  5  a 


X 


X 

S 

^^ 
Ph 

X 

x  DC 

s       — 


X 


=  _  - 

*    f  r- 

-    at  - 

<D    —  O 

ft  c  fc 

OSS) 

2  W 


c  < 


S  ^. 


COLORADO  BUREAU  OF  MINES 


33 


t— I 

o 
o 

O 
O 


H 
fc 


2 

- 


Uo 


o 


pq 


s 

o  s 


o 
o 

P 

o 


m 


< 
Ox 

** 


1— 1 

o   d 

o 

u  ^ 

5 

aO 

— 

O    . 

Eh 

% 

<j 

P3 

W 

Ph 

O 

~     • 

o     '. 

+j 

d  * 

o   K 

^U 

p 
w 


x 

g 

o 
x 

M 

Eh 


ri  o 
u  u 


a 


N     J  ~ 


.5  8 

>     > 


fa  ra 


O  eg 


eg  ° 


S*    g   «» 

O  S  g 


M     O 


eg  ~ 


72   02       O 


.a;  ^ 

u   to  ,J._ 

rag,o     .N 

•d  o  c-  £  £ 


in     pq 


c  ^ 


0) 


•/. 


d  2  o  S 

V£   be  K 


aJ  °    >    S  « 

>>  b  an 


c  c 

O    O 

CQ  W 


^     ri 


hH        ^ 


n: 


C 

o 
PQ 


-      K 


c   . 

^5 

03    • 

<u 

C  o 

a> 

oc 

J,    - 

h 

*j  6 

<y 

^U 

X 

•/.  ^ 


3    o 
•r.    PQ 


3  - 


u 


ANNUAL  REPORT 


;7  <y 


o  z  cj 


2  o 


<  a 
c 

C  £ 

53 


-  S 
Z  W 


o  *-o 
"     0 


•-    iO    • 

"    0 


ftoftcj 


-  - 

o  c 


O  C  O  i 


O    US    °S°5 


o  c 


ace  aj'O  4> 

>  o5  >  03  02 

h  4>~  ©  a) 

~    ii    -    w    c 

C     O     S 


>  oJ      >  ee  >  $ 

oft     o&oG 


o  c 

-4-J  t- 

-  - 

>  > 


U  4) 


4) 

to 

o       <J 

III 


2    £ 


ct    ^ 


c 

to 
m      C 

4)         G 

J    s 


M     4) 

.5  Q 


as 


0/  S- 


oj  •< 
C  O 


W^h 


4J-C  4)  ^ 
>  05  >  « 

rr  J  -7  — 


2  3  S  * 
c  P<o  G 


m  'O 

>oi 
X  4) 

'C  a) 

oft 


4)  'O 
>  «? 


'O   4) 

o  ft 


c 
>  o 


05*- 

CQr" 


58 


05  4)  3 
£  O   BO 


til        til       til   til       til 


Q     c 


U     jj 


-7  - 
o  u 


'3    ^  •   ~ 


05 
0)  C 


J<-< 


£      o 


o  c 


©       2 


03-^ 


5  J 

C        «- 

oi  4>  P 

C  «-  O 

—  OK 


c    c 

g 

c  c 

g 

c 

c 

c  c 

g 

a 

C 

c 

B* 

c 

C 

13 

*J    c 

c 

o   o 

c 

o 

o 

o  c 

Q 

o 

o 

o 

2^ 
to 

o 

o 

o 

r:   «^ 

"    - 

h 

U    u 

u 

(h 

b 

U     1- 

(h 

u 

!-, 

s- 

n  a> 

0) 

Oj     4i 

<b 

4) 

4) 

<V     4- 

d 

4> 

a> 

4j 

4) 

a, 

4) 

J  £ 

>     > 

gc8 

^ 

—    — 

Zl 

s 

s 

—  — 

72 

rr 

S 

~ 

72 

S 

COLORADO  BUREAU  OF  MINES 


35 


oca 

fifi 

£  <V   >  4> 


c 

3  C 

ffl  c 


3  c 


o 


<J     o 


P 
3 


x 


C+3 

w 


S3 


(4    O 

OP  ^ 

H 

O  o 


£ 

~h3 

3 

M 

s 

"3  <D 

§2 

o  ~ 

cd  o 

" 

>o 

c 

OS 
PQ 

^3 


2  S 


55   «e 


UN 


WawM 


*a 


+3.* 

bo  *; 

a>  >  s- 


ri 


E-  h 


<<      rq 


U  fe     x 


a  c  ac 
o  (J  o-3 
U  ON 


o   c 


>> 

c 
3 
a 

S 
o 

<v  e3 

I     5 

'      o 


E-    E- 


h     O     h 


d    <D 

_ 

^   CO 

^ 

o« 

«.£ 

0) 

—  m 

0) 

0> 

m 

&~ 

a 

•c 

St 

££ 

> 

"u 

c  S 

J3 

5  a 

3 

% 

O  J 

X 

mm 

CQ 

H 

3 


Eh 

g 

3 


P 


33         £5 


Eh 
- 

- 
C 


3k 


50,5 
x  .-S 


3 

N 

>    • 


o  c 

a    . 
O  I 


C  DC  " 


III 


x  E 


1^     S     S  g  Q 


EC 

3     X    ^ 
C   -    3 


— .    ~ 

3  'r    3 


_,     s  0»  4) 

o   =  o  c;  o  o 

J  2  *  "  3  s 

^  5  CQC 


-3     3- 

c   ■  S 

111 


36 


ANNUAL  REPORT 


b 

sip    U 

0     -  q 


®     o 

^     -a 
c     re 


>c 


**    2 

v      re 
>      « 

w  ,,  .a 

«£  «  p 
7?  N  £  C 


1« 

Oh'  i 


__ 

tn      >, 

O    4 

■/. 

re  u 

rTi 

t-    4 

M  o 
fad 


o 
O 

+j  <u 
re£> 

OS'S 

.® 

«.* 

X  % 

o  u 

pqpq 


■a  4 


4      «»  o 

3  W  ^       • 

«-s  r. 

o  to  c 

So  £s 

?*  r<5 


0)  <U 

':£  DO 


Hi  4/  N 

O     O  r- 

<u  a-  - 

OQPQ  3 


re  "2 

0 

1.  —    . 

£  .5 

!jS    o 

^  4 


13  ^3 

re  a 

4  a> 

h4  J 


>d  £  «  c 

"3  S  3  5 

0     O 


> 

ffl  : 

c 

4) 

0 

re  • 

£  • 

00 

.  t. 

C5 

72  4) 

•*f 

> 

rH 

^S 

o 
PQ 

CO 

to 

&  a 


o 

Q 


3Q 

— 

PS 

- 
3 


4  3 

re? 


—  «M    73  T3 

q  q 

t:  do 

be  be 

X  X 

o  o 

t-  s- 

o  o 

o  o 

O  O 

DQ 

cc     r  r 

4  be  be 

-c  2  2 

«  «  n 

3  C 

d  2  3 

o"  *S  T3 

u  u 


o  9 

4>  W 

Sou 

g  .3 

i  s « 

-  2  o 

w    O  9) 


B  3° 

•-  9  ~ 

Ml 

pq  < 


"O   "3   *w    'O  "O 

o   o   o   o   o 

::ooo 


«> 


o  a  o 
-^  a  -1-1 

>  o> 


22 
o  o 

CO 


x 

o 
"d 
cd 

^3   4 

O  ^ 
UO 

^"4 

°°a 
xr 

O't, 

MO 


_    03 
O   ^ 

O 


03 


be 

3 

^2 

3    O 


°   c   ^ 
3    ^    " 


O    BO 

Pi    3     - 
O  ° 

i3  a  c  &?' 


4 


tf . 


m    4  DSS   4 

X  J-        3 

M  £3   S 

M  U          X 


3 

2  -  ffi 


o  o  o  o 

OO  O  O 


o 

<u  oi 


u  o 
O"o 


a  r 

be 

■a 


C  03 
P2U 


2  5 


^-.  o 


jo 

2  be 


o 
O  >> 

4 


»S    J    3    3 

^    5  =  X 


?  rt 


°  «  O   °  5 


Pu  S  ®  c 

W  &  bO  03  -J- 

—  3  O  -  - 

^^  ^  ^_  ^ 


£  S  4  5 

-3  ~  O  -o  o  2 

O  3  03  O  4  •■ 

c  pq  q  c  pq  \ 


2 

Sir 
4  i? 

o 
rt  o 

■C- 
c  _, 


«  o3  £:r  SS  « 

-  re  •»-' 

»H     ?  4„  _   ^  4 

3   ^'^3  3  3  S 

a  'J    pq  pq  pq  p 


•  2 


g   o   re 

^  3  C 


o 
o  o 


o    Q  a 


w    ■  -3  re 

ey   :  2*^ 

2  U  eM 

u   u    to  „ 

a  g  .s  c 

U  U,  Uh  Uh 


COLORADO  BUREAU  OF  MINES 


'O     'O  T3  *0     'C     ""O     'C     'O     *^     'O     ^ 

0*0        ooo'Scoooo 
00       OOOOOOOOO 


O  y 

ft  °° 

ft  X 

fa  ° 

U  M 


.5     3 

o  m 


5  „c  <w 


S=  o  o  m 


o  o 
q  eg 

«  £  ft  ft 
*%  ft  ft 


c* 

> 

49 

M 

4) 

fa 

2 

3 

o 

<a> 

0 

'J 

3 

0 

ft1 

fa    ^ 


o 
>> 

5  a  o 

I  3  g 

?  2  2 

fa     o     o 

O   O   O 


W   W 


TJ       O        fa 


O  o  o   > 


O     o     c3 
OOP 


P 

c 

13     O 

o    a 

15 

3    Art 


r  3    ©  .b 

"O  O     3 

o  S 

O  fa 


«      >> 


O   O   O   ^ 


E  ^ 
W  3 


c^o 


^2  ^  t 

o  o   "o   "o 
OO    O   O 


s 
bop: 


0)  ,3 

£>o  <u  g 

-S^ft  H 

J-"*                 fa  ft 


O  C  OO 

00       00 


bo 
ft    T3 

to    a 


-CS  73^     -C     -O     -C     T3 

o  o        o  c    'o    o    o    o 
00       C"0"OC 


0 

<*  X    ft  bO 

.CjtoBQ  3 

o  -  o  £ 


2  ^ 

O  ft 

O  d 

w  ft 

IQ  ft 

SI 

E-  M 


>    t- 


^-ou   *faU 

.  w     _    ft  0) 
£°00     gfi-J 
°  W  i?ft 


«a 


E  ^  E  E 

ft  ~  K  ft 

3  g  3  - 

P3  ft  m  £ 


fa     aJ 

O   ft 


>> 

c 

ft 

°  5 

o  J? 

0)  3 

•5  5 

*  to 

-o  3 


- 

s 

«« 

s 
o 

o 

O 

Pi 

5 

§ 

c 

o 

ts 

o 

CO 

o 

O 

fa 

►a 

fa 

s 

o 

O 

ft 

p 

fa 

B 

aS 

a> 

H 

a> 

<D 

£ 

as. 

AS 

A 

r- 

d 

h 

:- 

X 

o 

A3 

PQ    O 


w  4J 

ft  ft 

fa  O 

O  fa 

ft  ft 


<u  o 

CO 


be 


^5 

o^ 
O^ 

Oo 


<DmAh 

c     o 

o 

SfaO 

O 

c?   - 

„ 

og00 

!C 

cr. 

^  ®   ffi 


3      3 
03    W 


3 

M 

3 

°  5 

M    3 

®    o 


w  > 


2  ft    H 


ft^ 

£  2 

O      o 

U  O 

3    -3 


A3     X 


ft   H        O   ft    &   h 


ft    a 
3    to 


BJ      ft       -      A- 


o  o 


ft  ft 
ft  ft 


o»    U    U 


a> 


W  1  S  K  5 

=   S  |  s  W 

>I  1  >  = 

o5     c  2  rt  » 

Q5  ft  ft  «  PQ 


w    o 

fc  *s  ? 
^  ^  ^ 


38 


ANNUAL  REPORT 


< 
O 

Q 
< 

« 


a  s 

&  1 

CO 


5  ° 

(U  a) 


+j      +J+J       o 


be 
ft 
QQ 

O  B 
•o  o 

z% 


.'   < 


1  s 


"-^72 


„o 


tl 

S  C   •   ■ 

0> 

CO   •    ' 

bC 

rf  -  ' 

1> 

t-      X 

E-h  o  r 

O    fc, 

iss.s 

"2    ^ 

£w 

3Ss-j 

to    - 

M  o 

o     „ 

X  o> 
o+-> 


bCg  4> 


JJ 


X!  X 
O  O 

mm 


™       o       0*j 

'   53 


>■  > 

oS 

B  C 

o  o 

C  E 


55 


Gm'6'6.sa 


(1)  ai 

22 


^^W^-i^oo 


s->  a>  c  c 


«39 


:  o  o1^ 


4)  OJ 

£  £ 

WW 
!h4    JJ 


0>'o)  cS 


o  ~  2  E--^ 


2  "  K  .£"  >>  >»  4)  0) 

o    .  u  <-  rt  to ,c,c. 


o>  O  rt  o> 
^!  m  ft+e 


m  ■; 


Sm.~  o>  u 


E 
O  J-. 

+-'  3 

i! 

AV2 


2  '  os  «J  b 

ice  >     u 

s.  o  d  £ 

<V  +j  O  o  O 


T3 
41  B  . 
C  rt  >> 


:  o  o 

:^° 
=  c°   • 

)  CO  k 

J  o  c  c 
>OBd 

;^^ 

.  J=  o  o 


c  C  ft 

■c-cg 


o  o  a) 


O       C72  k5  o5  o)72  4)  °i^ 

V    rt     •-  k.      — ■  —•     —     •-  ^  —  4>  w  ^  ™  —  —  >>  u  u  — .-  o 
•      ^72CL<fe.0720m^Ohht^Q 


4)  0) 

5 .5  >»  >»  a) 

£ 
o 


^72    J{?    mew    J 


— •  >.      ^ 


feo   J72    ^^   m 


■—    TO 

Ph72 

2« 


■m 


B  a 


0)  o> 

££ 


0)  o> 

£  £ 

0<   o 

WW 


CO 
o 

^w 


a  -pu 


3  4>Eh 

art  . 


oi     rt^^onc   ,rt-ooOD.2o 

j   S£«immmooouuUQQA 


r;  r;  ri  ri 


bti  be 
o  o 


4    TO' 

7.C 


he  bo 
B  B 
o  o 
QQ 


cPh 


ooccccccccccccc 

MtOOOOOOOOOOOOOO 
pp,  CC  —  —  i-i.f»CC  —  C  —  c 
H-(t-Ho)Oi4)CiiD<DliO)iD<l>4>D(Li 
p-,^t«UUt.UUUfc<Ufc.Ut.t. 


C  tin  bo 
i'E  B 


^  >.  >.  >. 


<D  4) 

iioa 

c 

fefc^ 

■S-O  3 

0) 

EC. 

0  oM 

be 

££d 

bo 

bcu 

m 

5  c 

3  c 


r*.  r'.  r».  r-.  v 
<_.   ^    W   4-pC 


M  ^   O  OO 

-    -7.  -7.     -7.  -7. 


I'*3    r- 
23 


u -j ~  uo»ou®boobb  <^ 


ooo^o^ooooc 


C  C  B 

o  00 

c  c  c 

O  CO 


o     00 


u  u 
CP3 


fe     fcfe 


13  "0 

B  C 

o  o 

£  £ 
3  5 


PQ 


O)        <!><!> 


TO        ^TO 
U        4)  W 


^^ 


o  g  >  W 

C  t-r/3  to 

nj  tovj  o 


B  C 

o  o 
££ 

o>  0> 

!-    - 

a.  U. 


I^Ol5_-^cicCa!^«OaJrtrtTOr:rt 

*  c   a   -  ■_  -  -_ '_  -_  pc  l  -_  •>  -_  ■_  t  -  c 


M 

1 

u 

o>  rt  B 

a  c  c 


'_      C 


'_■     '_      •_ 


COLORADO  BUREAU  OF  MINES 


39 


s  s 

3  o 


3     Q 


co  co 


bo     bo 


S     o  o 

Hxcc 


.  co 

II      $ 

u      cd  co 

£  ^*  ° 
C  X  U  ^  C 
4>  O  co  co  co 

QKmmC 


:Q 


bO 

s 

eo  C 

«W5« 


i    pq 


3d 
o  o 


fee 

o 

oS 


E^P 


.o  :  :  •• 

p(j  o  ep 

5     0005 

O  -^-^  _^  ^  c 
u  cp  c  c  ^2 

DH  0)  4jfe(l| 

s 


^  — '  *,  —      .  Jh 

•Uyi  0>OCC  CP 

„  O  hJ  a,  O  i-1  CD 
co  wo      wo 


U     O  o 


o  o 


fc.  o 
fflU 

0)  bo 

M,Q 
O^ 


^Sss'Mgri 


£o,22cpi;^a>co 


SB 

bo 
o  a, 

o  t- 
°£ 


o> 


c  „rrs  3  J2  0  S  5  * 

—   CO   CD   .    M  ~*   ^   <-   <-. 

co  0  [v  3  2  co  £  m  £ 

t-"»ll)r.H     ;D 


■     •     •  CO 
•      •      •   CJ 

■xxg 


sIKaSs 

co  a)  d  co  w  •/- 

~  *.2£2» 


d  . 

o  o 
£^ 


Ceo  C 

•~dd3>>    3-~2 


r1  c  °  ° 
.—  ^  ^  o>  l>> 


CO  j 


£d 


c£ffl, 
o  ►.  *>  £ 


CO  o 


^x 


o  o 


ex  a 

co  cj  a) 
W  tZJ  K 


X      3 

o  coc5 

?  w2 

a  ?  co 

•mccE-1 


O  CD 

3.5 

o£ 

_  * 
s  > 

d  c3 

t-  u 
E-h 


WO)  O 

> 

He  c 

M  4)  0)  O 


tfo 


II 

O  "U 

U 

cSJO 

to  o 

c 

C0J= 


^  (U 

0) 

<J 

ja  e 

O  ^ 

^^ 

0 

—   CO 

^f"' 

K 

H  > 

CJ-O 

'O  co 

C 

<D   £ 

0  0 

KE- 

J 

>fe 

c  e 

cy  <U 

00 
CO 


O  cS 
few 


00 


u  :   pq 
3j   fe 


00    u 


x— <^ m  •     e 

w  r<w  •  >,  CO 

C   CO   „   O^C* 
CO   U   »  S-         <t>.- 


o  o 
S  £ 

0)  OJ 


O 

co^ 

o 


c  c  c  c     s 

Ct)  CP  Cp  CP         CD 

tn     t,     fc,    U  S-, 


■— 1   Ct .  _ 
^   01   =  CO 


t>  r  d  O 

>ooCHi 


e  c  c  c  e 
00000 
£££££ 

CD  <V  <V  CP  Cu) 


^  cv  .tl  ci 

^&,o=;.fe 


coo     00 


CP    CP  CP 

■-■-■- 


*o  e  x. 
x  o  = 


0)  0) 

^H    fe 


2  2§§ 

CP  0"l. 

•x:  c  c  cp 

a  0  -  -. 


OP 


~  r. 

o  bo 

o  c 

e  a 
O 


t-  CP  c 
cp  c  CP 

—  X  J 


e  u 

MM  ^ 

co  C 

:<m  <D 

XX  « 

O  - 

-w  o 


^O      ~ 


OM 


^  . 

cp  O 
P 


II 

3^ 


CP  0) 

00 


15 


x  2^ 

o  o 

£  CO 


x     s   *  * 

O        W     °   ° 


o  ^o 

CP    M  >> 

r  -- 

M     0)   3 

^^M 
CP     CO 

CP    o  « 

X    cp£ 
Eh  Ch 


rt    d  co 

u  €Z 


cpU 


'3SJ 


>>o 

^* 

-  r  DQ    -  - 

-  ~~~  0  a 


0  o 


O  O 


40 


A  XX UAL  REPORT 


< 

g 

s 

< 

3> 


p   a 


3        ° 


co 

s 

c 
b£ 

tcH 

o 
O 

>d  o 

au 

U 

■»-> 

1 

o 

"■>->  0 

cj 

a 

«?fa 

13 

£    . 

< 

o 

,    CO   CP 

cc 

>        O 

£ 

X 

c  *  3 

© 

o 

<u  o  rt 

pq 

caj 

CO 

- 

£a 

c  4> 

3Q 

02 

O  m'o8 

C 

C^ 

C  >perator 
ty  and  C 
Highway 

M 

■j. 
to 

3 

/-.  03   CP 

£  pja 

OJrv  O 

<U  05 

<« 

O 

Q 

Soai 

o 


3  -C- 
0  £ 

£  p 

6 


•a   ' 

c  :    _ 


g  2 

/<  CP 


w 
c 


a>  h 


o 

72 


5     7; 

3    I- 
O   cp 

cp 


rt    •  C  c 

3   •  •  «r 

-     O  u  <v  03 


O   0/ 

c  c 

c  °  _ 

n  x  3 

CP  CP  cc 

££~ 

3  a .' 


be 
oi-fi 

aa 


?£a£ 


c 
cp  a; 


ra  CO 

Pi'-' 

-£a° 

Pu«c 


pq 


o 
c? 

*bi 

§« 

3 ^ 
a  cp 

>><:a 


U  X  N  IS 


O  oq 


:     c 
a    u 

O^bc 

e.3^ 
o  oa 

aSrt 

W  ph  m 


^fe-S     **?* 


;-  o  f- 


3  c  <y 

3 


^.-i  cp 


.  «D.a 

O  4-> 

U^-3 


a^o 


a 


^     U' 


ei 

Soy 

^-  3  o 

3.  ^        O 
3  ^  ^  3  'j  tn  03 

^  -  2  2^:  5     dSi! 
<    a    OOP    h 


u  u  u.  u  u  .z 

0/  a*  Qj  <b  <b  c 

£  £  SSB  < 

'u  u  u"£  u.  to 

c:  ci  rt  03  03  03 

a  a  aaa  a 


<ia    fera 


03  3 


S3  °«^ 

Si  ^^ 

<&    do 


o  c 

Zi3       3  = 

oa    ka 


•"5  TJ 

0/  lllC  - 

»j    *^  *-"  «-•  03  a 

>  j    u    u  u  u.a  s 

[h  a     3.     a  aa>  a 

o      rt      ri  rt  rt  o  u 

5   3   3  ---  h 


ca" 

3  «^ 


a 

D 
'•5        •WQu 

J^     £ 
a  <v    a  o 


"  o 
u 

a  u 


'Or-    U 

is     — 
.3  fr.X  3 

^-<Ha 


2uuu 


a^t<a 


1-z 

C  3  4 


3  cp  3 


c 
35    r 

3      -rs 

^=a 


-m  -o-o- 


c    .    . 

^  oy 


»   a 


c 
o 


"u33 
(DdJO 
3  3  3 

baa 


sggS 


3     *->  o 

WO  VI' 

c 
rt 


J3~.fi  3 

h    ^a 


J«5  O 


la^p 

(uS.ho  oa  s 


au 


M  3  ^  o ; r 
.  ©tJ  3^ 


a  w  cc      a  a 


oa 

o 

a^ 


>?aa 
uua 

<D  <D  £ 

CCr 

o  o  £ 

•7  'A  7. 


~a 


5^ 

o^ 


0000c 
23332 

d)  4)  <D  <V  4" 
3  3  3  3  3 

P4dHaoHa 


•o  0o  o 

£0^0^ 

a  VI  Ph  ^  CU 


^233 

33 

<U  <o  d) 

CP  0) 

3  3  3 

3  3 

cu^a 

aa 

bo  o 
o  curr 

003 

wooa 


be  a 

CO 

^i    CP 

»£ 

3  o 


COLORADO  BUREAU  OF  MINES 


41 


- 

Eh 

- 

- 

- 

22 


I  o 

-X      ~ 

*  o 


o  m 

o    bO 


3 


1-1    o 
pq  r-  X  -  - 


M    3 

O    3    eS    O 


O       . 

71     ~ 


3  c 

§  o 

-■->  ~  o  3  n 

^  c  2  « 

3  o  £  C  ° 

^   ,3  -3  3  2  ? 

aj    t,  &  --.  -  x 

i  2  r  3  3  $ 

w  o  n  £  c  ~ 

-  O  h  §  x 


3  -a 
o  "z; 
r~  3 


-3 

3 
3   3 


0 

(U 

"3 

— 

H 

"3 

— 

~ 

^ 

cd 

3 

crS 

14 

•-5 

X 

X 

5  « 


4,< 


02 

c 

r      cd 

be      ~ 

£  x  S 


U    r 

»  be! 

oro 


w  r-.    —      & 


Zfr 


k -: 

X   ~ 
.  O 


01  c< 


<-<  ^~3    w 


V  U  eg 


O  S-' 


0-   > 


-^ 


O  3   S        ~ 


3 


_  u 

:    0 


0     :_ 


oU 


>>    W 


3  £ 

u  s 

be  P. 

3  o 

3  O 

§  be 


a;  a  m  <*> 

S  x~  = 

k3«  Si 

■1.  y, 

x  x 


■- 


1      >  ~ 


3    3 


3    3 
O  -- 

pq  > 


- 
2  3 


u  S 


0^0 


*3 


w 


c 
3  <£  °  d 


w 


o 


- 


3  4: 


C  S     H  fc 


u    u 


o    3 
O    3 


o 
O 

be 

C    3 

3  ° 

is  u 

3 


3  3 

o  1 

O  3 

s.  3 

^  > 

o  . 


^3 


o 

x 

<  p. 


1 1 


.=  3  x  U  be 

X3T    J- 

O  c«    o>   3 

Z-=3cg       - 

a>  3  ■— «  C  -, 


- 


•  3  be 


3g 

So 

Nte 

3  c 


3  M 

3      - 


3     c   — ' 

go  j»j 


g   P 


^i^ 


<  O  h. 


C  U  ^  3 


nS    cS 


0)     1)     « 

a) 

+J 

3 

Ed  ^  - 

^  ^  ^ 

r^ 

c 

M 

i-.     —    <0 

3 

3    3    3 

3 

0 

~ 

•z   -   r 

3 

_:  -  _: 

3 

^ 

c 

-  -  - 

X 

3  3 


<D  +-> 

3  3 

—  3 

>  o 

"3  ,Q 

3  u 

<D  3 

3  U 


be 


x   -     -      o 

T     «i         3        ^* 


3 

3  3 


c  _ 


2    -    -     -     : 

-  ^    -  3    c 

5  <  £  x  5 


^ 


-^ 


-  g 

•  3 

X    y 


r  x 
bo  3   v 


0    ^ 


42 


ANNUAL  REPORT 


< 
O 

Q 

< 

Q 


*—  c  .5 


-i.  c 


SP.fi 
~   to  c 


£    «  .3 

a^ 

H     Id     (h 


3   -  'C 


o   : 

Ph  X 


3     4, 


IS 

g      7       V. 

3  S  S 

y 


©  . 

>  <B 

3  cr. 

C  ° 

to  £ 

~  c 


n       pq 


£  b  & 

B    O    ^ 
■Q     CD    —   c 


-  £  Pm 
.2  5  ■ 

3  *    j]    s-    i 


S3 


B  > 

©  «; 

..   CO 
CO 

Is 

PQ  c- 


o 
P.  cd 


o  o 

Tl    © 


Ph £* 


g    «W    M    £ 


o 

3si  gpgg 

O    ^  ^  5    ej  £  o 

-  £  s  u  ?  ^ 

g  g  g  >>  g  «  -g 

10  fi    •  ±5  fa 

*  5  *  £  - 

J  O  P  Ph  O 


»**«  i 


UP 


b3 

c  a 


i i s e  -«a 

x  j  a  o  fe  5  x 


K  -  ~  ^  Z.  •—' 

u  x  u  od  u  3  p 

cd  qS  eg  fr*  a)  O  cd 

0<  J  J  O  M  PO  '/. 


SI 


&  fl  £ 

fa  *rt 


-  :  "S 

a-  : 
pq     j 


Q    B 


go 


g    C    '!■ 

i  t  2 

2  fi  a 


-3  'P 

rt  rt 

o  c 

a  tf 


2 
x 

Eh 


«        r 


O    a; 

g  o 

S  £ 

3.  '0 

-  C 

-  C 


rH    L 


g     .0 

a  02.5 


si 


£ 
o 
U 

bo 

c 

e  x 
a  ° 

2- 

5  £ 

2  a 

c    . 

>.  > 

Eh  C 


at      o 


a  -    f 


■S       c* 

1  Sc  £ 


V  E- 


— 

a 

R 

a 

=  rt  c  a 

^-     (D    O    w 
<J  J  U  fe 


3   «   cc   rt 
.    -  Ph  - 


0/     © 


3   ^ 


p  0 

Pm 


=  ^    O    3 

-  «    O    O 

-  -    '_    7. 


■B   S 


X 

<5 


•2  Ph 

5C 


EH 


S    fc£ 


2  ■= 


^   rt 
to       o  +■' 

t  s1 


0 


y      - 


£° 


3^ 

u   rt 
C 


c  ^ 
^  5 


A^V 


i^ 


